A comparative performance study of seven pitch detection algorithms was conducted, A speech data base, ccnsisting of eight utterances spoken by 3 males, 3 females, and 1 child was constructed. Telephone, close talking microphone, and widetand recordings ware made of each of the utterances. For each of the utterances in the data base a "standard" pitch contour was serniautonatically neasured using a highly sophisticated interactive pitch detection program. The "standard" pitch contour was then compared with the pitch contour that was obtained from each of the seven progranned pitch detectors. The algorithns used in this study were (1) a center clipping, infinite-peak clipping, modified autooorrelation method, (2) the oepstral method, (3) the SIFT nethod, (t) the parallel processing tine domain method, (5) the data reduction method, (6) a spectral flattening LPC nethod, and (7) 
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IV.
EVALUATION RESULTS
The entire data base of speech utterances was used as input to each of the 7 pitch detectors as well as the semi-automatic method. Figure 5 shows a typical set of pitch contours for one utterance. The first display used in the semi-automatic method was the lowpass filtered speech signal. The second display was the autocorrelation function of the lowpass filtered waveform. The third display was the cepstrum of the wideband speech waveform. The choice of these three displays was dictated by the desire to obtain three reasonably independent estimates of the pitch period for each section of speech. This type of error is quantified by counting the number of occurrences for each utterance. The second type of error is the fine error in which there is a small discrepancy between the pitch period from a given detector and the standard pitch period. In this case the mean and standard deviation of the error is tabulated.
It is possible to detect and correct some or all the anlysis errors using a nonlinear 
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possible to present all the results here, we will instead concentrate on presenting the results of one error category -i.e., the average number of gross pitch errors for each speaker and each pitch detector. Figure 7 shows a ranking of each of the pitch detectors, for each speaker (averaged across transmission conditions and utterances) based on the average number of gross errors.* The ranking scores vary from 1 (the best performance) to 5 (the worst performance). The rankings are absolute numbers based on a histogram of the total number of gross errors across all conditions. It can be seen from this figure that each pitch detector performed better for some speakers (i.e., range of pitch variation) than for others. The overall rankings of each pitch detector (i.e., the sum of the rankings over the speakers) are given at the bottom of Fig. 7 . The ranking in the rightmost columns of Fig. 7 
SUMMARY
In summary a fairly extensive performance evaluation of 7 pitch detection algorithms was made. The results showed a number of dimensions in which comparisons among the pitch detectors could be made. The overall conclusion has been that no single pitch detector was uniformly superior to the others across all speakers and recording conditions. Error analyses were carried out on the entire set of pitch contours obtained by processing the data base of Fig. 2 
